The purpose of this study was to identify the selection criteria to obtain a superior mutant derived from the wheat plants of such varieties as Dewata, Selayar and Alibey, adaptive in medium land. The analysis of agronomic growth characters showed a significantly effect on a growth percentage of the initial growth (8 mutants), flowering time (1 mutant), panicle stem length (15 mutants), number of panicles (7 mutants), the number of grains per panicle (8 mutants), grain weight observed (8 mutants), grain weight per genotype (6 mutants), leaf area (2 mutants) and leaf greenness (5 mutants). The effects on the characters of ripe time, harvest, panicle length and plant height were not significant. The mutants of Dewata, Selayar and Alibey could be selected based on the characters of panicle stem length, number of grains per panicle and grain weight per observation because these characters generated more mutants than the other characters. The correlation analysis between the characters of growth and yield components of wheat mutants showed that the number of grains per panicle was positively correlated with the grain weight observed, while the length of panicle stem was positively correlated with grain weight per genotype, number of panicles and leaf area. Hopefully some mutants produced could adapt to the tropical medium land, thus adding to the diversity of wheat germplasm in Indonesia, thereby reducing the import of wheat to Indonesia.
economic values.
The mutation technique followed by the selection of high temperature resistance in vitro has been carried out on potato and garlic plants and has successfully obtained a high temperature tolerant mutants (Das et al., 2000) . The plants as regeneration results from induced mutation and selection in vitro are expected to be tolerant to high temperatures and can adapt to the lowlands. A gene mutation that occurs in the direction of a positive nature and to be passed on to the next generation is the desired mutation by plant breeders in general (Soeranto, 2003) .
Based on the results of the previous studies, it was reported that wheat of Nias and Timor varieties could produce 2 tons / ha, while varieties of Dewata and Selayar could produce more than 2 tons / ha in the highlands (1000 m asl) in Indonesia (Dahlan et al., 2003) . The varieties that have been released in Indonesia are only suitable for planting in the highlands. The varieties that are suitable for the medium land have not been developed. Available land in the highlands is very limited and has been used for the cultivation of vegetables that have a higher economic value. If there is an adaptive variety of wheat in the medium land, there are opportunities to grow wheat in the rotation of rice-rice-wheat in the medium land. Rice fields which are fallow for four months are still available from July to October, which might be used for wheat planting. Wheat cultivation in a tropical environment at an altitude of > 1000 m asl worked out well such as in the areas of Tosari, Banjarnegara, Salatiga, Malino, Sinjai and Padang. However, the areas of wheat development in these areas are very limited, because wheat crop is only used as sidelines of horticultural crops that are more economical. Therefore, it is necessary to carry out a long-term research program for the development of wheat in Indonesia. The program is a joint research to obtain highyielding varieties of wheat in the lowlands. The research focus is on breeding to produce wheat varieties that are adaptive to tropical lowlands.
Plant breeding at stress environment requires superior crops that can adapt to the stress condition. The development of wheat in lowland environments can be achieved through the level of adaptation of plants to abiotic stress, and the improvement of yield potential. These factors are interrelated in obtaining superior crops that can yield high. According to Soepandi (2013) crop improvement can be achieved if the morphology and physiology of the plant have already been known from characters that support it, such as photosynthesis, growth and crop production.
INTRODUCTION
Wheat is a subtropical plant, but with certain efforts it can be cultivated in tropical regions in Indonesia. Wheat crop was introduced into Indonesia around 1784, planted on limited areas in the mountains of Java and Timor. However, because the climate in Indonesia is not suitable for growing wheat plants and efforts to develop the cultivation of wheat are not a priority, the wheat crop has not been widespread (Wiyono, 1980; Carver, 2009) . Wheat varieties that have been released in Indonesia come from the introduction and no genotype has been specifically selected for agro-climatic suitability in Indonesia. Results of multi-location adaptation trials in various regions indicated that the wheat plants could grow and produce high yields but it is confined to the plateau above 1000 m asl in Indonesia (Dahlan et al., 2003) .
Wheat consumption in Indonesia lately has increased rapidly so that wheat imports in 2012 reached 7.4 million tons (Aptindo, 2012) . The development of such industry as instant noodles, bread and canned biscuits as well as the high consumption of wheat flour in Indonesia, especially in the urban areas, has encouraged higher grain imports. Therefore, it is necessary to identify genotypes that can adapt well to the tropical medium land from different genetic sources of wheat in the world.
One way to obtain wheat genotypes adaptive to tropical regions is by a mutation technique using physical and chemical mutagens. The physical mutagens which are often used are the ionizing of alpha, beta, and gamma rays, while the chemical mutagens commonly used are colchicine and EMS (Van Harten, 1988) . The use of EMS to increase the occurrence of mutation has been conducted, such as to produce wheat genotypes which are fast to flower and have their grains ripen, and obtain the M3 wheat plants that have high productivity (Sakin et al., 2002; Vismanathan & Reddy 1996) .
The mutation induction technique was considered suitable to get the plant genetic diversity whose genetic resource availability is poor. In Indonesia, wheat plants are classified as the plants whose source of genetic diversity is very low, making it hard to obtain a new character which is superior with a hybridization technique (Micke & Donini, 1993) . The unavailability of high-yielding varieties of wheat has made wheat unable to compete with the commodities that are often grown at higher lands such as vegetables and other horticultural crops that have higher This study aimed to determine the characters of morphology and agronomy and to identify the selection criteria to obtain a superior mutant derived from the wheat plant of M3 generation adaptive in medium land.
METHOD
The study was conducted in the BB-BIOG-EN experimental garden, Sukabumi, in the medium land ± 450 m above sea level from April 2013 to September 2013. The temperature in the experimental garden ranged from 29-34°C. The material studied consisted of 25 mutan genotypes (out of 144 mutant genotypes) of M3 generation as a result of EMS treatement and three control plants as comparison, namely, Dewata, Selayar, and Alibey (Sari et al., 2014) . This experiment used Augmented Design, with six plots and the distance of each plot was 50 cm. The area per plot was 7 x 1.8 m with a spacing of 20 x 25 cm. Each panicle per genotype was planted in one row. Observations made on several morphological and agronomic traits were conducted in several steps: 1) observations of agronomic characters of M3 wheat generation, 2) characterization of the flag leaf area and leaf greenness.
This study was conducted to examine the M3 genotypes in medium plains. In selected M3 seeds (M2 selection result), there were 144 mutant genotypes and 3 control plants as comparison (Dewata, Selayar, Alibey) planted per panicle for each genotype in a single row. In each plot was planted with 24 mutant genotypes and 3 control plants, so that each plot contained 27 lines. In every eight mutant genotypes, there was a line of control plants planted, up to 24 mutant genotypes, so that there were 3 lines of controls in all. First of all, the soil was treated with the addition of compost 250 kg / ha and 125 kg rice husk / ha. The plants were fertilized with 200 kg of urea / ha, 150 kg SP36 / ha and 100 kg KCl / ha 14 days after planting (dap), and the second fertilization was with 150 kg urea / ha 30 days after planting. Before planting, the seeds were given insecticide called Sevin and at the time of planting, the planting hole was given Carbofuran. Weeding is done twice: during the second fertilization and at the generative growth phase.
In M3 plants, rows of superior plants were identified, and then some of the best plants were selected from each variety in each line to test the agronomic performance. Observations of M3 plants were to find out their agronomic characters, namely, the percentage of early life (%),flowering age (days), ripening age (days), harvest age (days), long stem panicle (cm), panicle stem length (cm), plant height ( cm), number of tillers, number of panicles, number of grains per panicle, grain weight per panicle (g), seed weight per genotype (g), leaf area (cm), and leaf greenness.
Leaf area was measured when the flag leaf had opened up perfectly and had shown a panicle, about 2.5 months old. The tool used to measure the leaf area is leaf area meter.
Leaf greenness can be measured using SPAD-502 chlorophyll meter. Chlorophyll meter is used to measure the percentage of the intensity of leaf greenness, especially when the crop enters the generative phase and the flag leaf has fully developed. The figure readable in the chlorophyll meter showed the total amount of chlorophyll. The higher the legible figure is in the chlorophyll meter, the higher percentage of the chlorophyll in the leaf.
Data analysis was performed using a design enlargement (Augmented Design) and the correlation analysis between the characters. According to Petersen (1994) , in Augmented Design before the data was analyzed, it was necessary to make adjustments for differences in each row. The adjustments are based on the average value of the putative mutant genotype in a particular row and the average value of genotype controls throughout the experiment. To estimate the error standard, it was used Middle Square of Expectation / MSE / Middle Square of Error.
The value of Middle Square of Expectation was derived from the analysis of variance calculation. Furthermore, the error standard was used to estimate the value of LSI (Least Significant Increase). LSI value was used to compare between control varieties and M3 population. Data mutant M3 analyzed the correlation between characters using SAS 9.1.
RESULTS AND DISCUSSION
During the research in the experimental garden of BB-BIOGEN Sukabumi (± 450 m asl), the temperature ranged from 29.00-34.00° C (Table 1). This indicated that the temperature at the site of the experimental garden was higher than 25° C, which is the threshold temperature for the wheat crop. Threshold is the temperature which is one degree above the threshold value which causes the growth and development of the plant is not functioning (Sopandie, 2013) . The temperature rise of 1° C may inhibit the wheat growth. In the meantime, every drop in elevation causes an increase in air temperature. The increase in temperature can lead to stress during the growth and development of wheat plants (Handoko 2007) . According to Wiyono (1980) ; Van Ginkel and Villareal (1996) , wheat requires a temperature of about 15-25° C to grow well and cannot grow well in warm areas with high temperatures.
25 out of 144 genotypes tested were randomly selected based on the percentage of wheat early growth and panicle stalk length ( Table 2) . The genotypes elected were 16 Dewata, 4 Selayar and 5 Alibey, or as follows: Dw-1-22-3, Dw-2-13-1, Dw-2-13-2, Dw-2-19-3, Dw-1-17-1, Dw-1-21-1, 2Dw-5-21-1, 2Dw-5-24-1, 2Dw-5-26-1, 2Dw-5-28-1, 2Dw-5-29-1, 2Dw-6-3-1, 2Dw-6-5-1, 2Dw-6-16-1, 2Dw-6-17-1, 3Dw-6-27-1, Ab-1-7-2, Ab-2-14-1, Ab-3-3-1. Ab-3-3-2, Ab-3-16-1, Sl-2-14-2, Sl-3-1-1, Sl-3-2-1, and Sl-3-2-2. The results of variance analysis of augmented agronomic growth characters showed that there was a significant effect higher than the control plants with mutants on the percentage character of the initial growth (8 mutants), flowering time (1 mutant), and stem length of the panicle (15 mutants). There was no significant effect on the characters of ripening time, harvest, panicle length and plant height (Table 2) . In this case, the stem length had the most mutants, namely, 15 mutants. Significant effects indicated the difference between the control and mutant plants. This study was in line with the results of the report by Setyowati et al., (2009) , which stated that in 65 wheat germplasm accessions there were three characters that had a significant effect on the wheat crop: the number of tillers, the number of panicles, and the number of panicle stems.
The results of variance analysis of augmented agronomic characters of yield components showed a significant effect on the characters of number of panicles (7 mutants), number of grains per panicle (8 mutants), grain weight per observation (8 mutants), grain weight per genotype (6 mutants), leaf area (2 mutants) and leaf greenness (5 mutants) (Table 3) .
In Tables 2 and 3 (the last number on each genotype is the number of the panicles harvested) showed that the panicles often harvested were those marked the 1st (as many as 18 genotypes), namely: Dw-2-13-1, Dw-1-17-1, Dw-1-21-1, 2Dw-5-21-1, 2Dw-5-24-1, 2Dw-5-26-1, 2Dw-5- 28-1, 2Dw-5-29-1, 2Dw-6-3-1, 2Dw-6-5-1, 2Dw-6-16-1, 2Dw-6-17-1, 3Dw-6-27-1, Ab-2-14-1, Ab-3-3-1, Ab-3-16-1, Sl-3-1-1, and Sl-3-2-1. The panicles marked the 2nd consisted of 5 genotypes, namely, Dw-2-13-2, Ab-1-7-2, Ab-3-3-2, Sl-2-14-2, and Sl-3-2-2. The panicles marked the 3rd consisted 2, namely, Dw-1-22-3 and Dw-2-19-3. This showed that the first panicles were not the only ones to harvest, but it could be the second panicles and the third panicles. However, the rest of the panicles, the fourth and so on did not have the potential to be harvested (selection method of pedigree). The potential genotypes to be harvested were those which had longer panicle stems and panicles compared to the control and had pithy grains.
Flowering age had a lower value when compared with the control plants of Dewata, Selayar and Alibey. Research in several other areas in Indonesia proved that the wheat of tropical lowland could flower faster, that is, 35-51 HST compared with plateau wheat (Aqil et al., 2011) . The plants that are sensitive to changes in temperature, such as wheat, the decline in the harvest may be very sharp if the plant is planted at a lower altitude with a higher temperature and will have an affect on a significant decline in the number of flowers and the decline in the number of grains per plant (Korte et al., 1983; Handoko, 2007) .
Correlation which is expressed in correlation analysis is to measure the degree of closeness of the relationship of more than two characters. Correlation analysis between the characters of growth and yield components of wheat mutants showed that grain weight per genotype was positively correlated with the percentage of the harvest growth, ripening time, harvest time, panicle length, plant height, number of tillers, number of panicles, number of grains per panicle, weight of 100 grains, grain weight per observation, but not positively correlated with flowering time and stem panicle length (Table 4) . This showed that an increase in the value of these characters would influence the increase in grain weight per genotype. The grain weight per genotype was then used as the selection for M4 generation.
Correlation analysis between the component characters of mutant wheat yield of Dewata, Selayar and Alibey can be seen in Table 4 . The number of tillers were positively correlated with the number of panicles, number of grains per panicle, grain weight per observation, weight of 100 grains, grain weight per genotype and leaf greenness, except the character of leaf area which was negatively correlated. This stated that the higher the characters, the more the number of tillers. The highest number of tillers in Dewata was on the genotype of 2Dw-1-27-2, while in Selayar on the genotype of Sl-3-2-2 in Alibey on the genotype of Ab-3-16-1.
The performance of panicle length and flag leaf greenness which had opened up perfectly and stayed green when harvesting M3 plants grown in BIOTROP is shown in Figure 1 . The performance of M3 plants had greenness and flag which were different between the control and mutant plants. Leaf greenness can be measured using SPAD-502. The higher the figure is legible in SPAD-502, the higher the percentage of chlorophyll in the leaf. According to Jangpromma et al, (2010) the reading with SPAD-520 chlorophyll meter was an interpretation of the content value of the green substance or leaf chlorophyll in plants. The study results showed that there were differences in the green colors of the leaves in the Table 4 . Correlation analysis between agronomic characters crop growth and grain yield components of the Dewata, Selayar and Alibey generation M3 Experimental Garden BB-BIOGEN, Sukabumi, in 2013.
Note: PE = percentage of early life (%), FA = flowering age (days), RA = ripening age (days), HA = harvest age (days), LSP = long stem panicle (cm), PSL = panicles sten length (cm), PH = plant height (cm), NT = number of tillers, NP = number of panicle, NGP = number of grains per panicle, GWP = grain weight per panicle (g), SWG = seed weight per genotype (g), LA = leaf area (cm), LG = leaf greenness., * and ** = Correlated real at a level of 95% and 99%. five mutants (Ab-2-14-1, Ab-3-3-1, Ab-3-3-2, Sl-3-1-1 and Sl-3-2-1) compared with controls. The green color of the leaves in mutants was darker compared to the control and other mutants. The darker green color indicated that it had a higher chlorophyll content and the character of the stay green which was positively correlated with the value of grain weight per genotype. In other words, any increase in the value of the green leaf would indicate the increase in the character of the value of grain weight per plant. It could be interpreted that the higher the value of the green leaf of wheat mutant plant, the greater the photosynthesis and the longer the stay green until the harvest, the heavier the grain weight in plants.
The decline in the rate of photosynthesis resulted in the decrease in all yield components and limited the formation of number of pods and grain filling (Baheshti & Fard, 2010) . According to Nur et al. (2012) the evaluation results of several introduction strains on the lowlands indicated that to obtain wheat genotype candidates for lowland it required a plant idiotype with many productive tillers and panicles, and broad leaf area.
The appearance of the characters which had significant differences indicated that there was a fairly wide diversity among mutants that provided the opportunity to produce the desired mutants. Agronomic characters with good performance indicated tolerant to tropical mediumhigh plains and allowed for the re-selection of M4 in medium land. The combinations of temperature and humidity, irradiation period and irradiation intensity, and high rainfall added to the level of stress on the growth and development of the wheat plants. Leaf color in harvest time could be used as an indicator that the plant was feasible to be selected for planting the next generation. The flag leaves that remain green at the time of harvest indicated that the leaves had stay green properties since the color was closely related to the capacity of the source and the accumulation of carbohydrates in the stem and leaf flag.
The phenomenon that occurred in the field at harvest time was wheat grains which were harvested late germinated one day after the rain fell and leaves rolled due to the temperature stress (Figure 2 ). Harvesting wheat cannot be done at the same time just like harvesting rice crop. Har- Figure 2 . The phenomenon happens on the field, A). Seeds germinated wheat (tolerant); B) Leaves roll due to high temperature stress (tolerant).
A B vesting wheat is done in stages, where the first panicles are first harvested, continued with second panicles, and so on. To calculate how many days are needed to determine the age of the harvest, that is, the number of days from planting to the time when more than 50% of the crop had yellow panicles in each plot. Sprouting is the germination of wheat grains in the panicle because harvest is done beyond the harvest period. This is influenced by the grain dormancy time, and the climatic factor such as a high temperature in the process of grain filling which falls at the period of dormancy (Gavazza et al, 2012) . The results of this study have the same phenomenon when grown in lowland SEAMEO-BIOTROP, Bogor (± 250 m asl) that will germinate when the panicle late harvest and the leaves will curl in the plant stress tolerance for high temperatures (Sari et al., 2015) . One of the obstacles encountered in Indonesia, namely the absence of adaptive varieties in the middle plains and high temperature stress. The need for wheat genetic improvement of tropical origin, thereby reducing the import of wheat to Indonesia. The results of this study produces some mutant wheat is expected to produce wheat plants that can adapt and produce in the tropics, especially Indonesia
CONCLUSION
Agronomic growth characters showed a significant effect on the percentage of the initial growth, flowering time, stem panicle length, number of panicles, number of grains per panicle, grain weight per observation, grain weight per genotype, leaf area and leaf greenness. Mutants of Dewata, Selayar and Alibey could be selected based on such characters as panicle stem length, number of grains per panicle and grain weight per observation because the characters generated more mutants compared to the other characters. Correlation analysis between the characters of growth and yield components of wheat mutants showed that the number of grains per panicle was positively correlated with grain weight per observation, while the length of the stem panicle was positively correlated with grain weight per genotype, number of panicles and leaf area. Number of panicles and leaf area was positively correlated with leaf greenness character. High temperature stress is one of the limiting factors that affect the growth and production of crops for causing reduced yield potential.
